Objective: To examine whether a high dietary glycemic index is associated with hyperinsulinemia, hyperglycemia, dyslipidemia and coronary heart disease (CHD) risk in elderly men. Design: Prospective study of incidence of major CHD (non-fatal myocardial infarction or death due to CHD) between 1985 and 1995 in 646 men, and a cross-sectional analysis of metabolic risk factors in 1990 in 394 men. Setting: Population based study in the Dutch town Zutphen. Subjects: Men aged 64 ± 84 y in 1985 without a history of CHD or diabetes, whose diet was assessed with the cross-check dietary history method. Results: The dietary glycemic index was positively correlated with consumption (g carbohydrate) of wheat bread (r 0.47) and sugar products (r 0.41) and inversely with fruit (r À0.37) and milk (r À0.40) consumption. During 4527 person-years of follow-up, 94 cases of CHD were documented. The risk ratio for CHD was 1.11 (95% CI, 0.66 ± 1.87) for the highest as compared to the lowest tertile of glycemic index after correction for age, body mass index, physical activity, cigarette smoking, and dietary factors (P (trend) 0.70). Furthermore, the glycemic index was not appreciably associated with blood concentrations of total cholesterol, HDL-cholesterol, triacylglycerols or (fasting or postload) insulin or glucose. Conclusions: Our ®ndings do not support the hypothesis that a high-glycemic-index diet unfavorably affects metabolic risk factors or increases risk for CHD in elderly men without a history of diabetes or CHD.
Introduction
The glycemic index classi®es foods according to the postprandial blood glucose response they induce. Diets with a higher glycemic index are associated with greater¯uct-uations in blood glucose and insulin concentrations. Shortterm dietary intervention studies have suggested that a low-glycemic index diet improves glucose and lipid metabolism (Brand Miller et al, 1994; Ja Èrvi et al, 1999; Frost et al, 1996 Frost et al, , 1998 . These studies have primarily been conducted in patients with diabetes mellitus, coronary heart disease and hyperlipidemia, but recent results from observational studies also suggested a bene®cial effect of low glycemic index diets in non-diseased populations (Salmeron et al, 1997a,b; Liu et al, 2000; Frost et al, 1999) ; in large American prospective cohort studies, a lower glycemic index was associated with a reduced risk for type 2 diabetes (Salmeron et al 1997a (Salmeron et al , 1997b ) and myocardial infarction (Liu et al, 2000) . Furthermore, the glycemic index was inversely associated with high-density lipoprotein (HDL)-cholesterol concentrations in a British cross-sectional study (Frost et al, 1999) .
Low insulin sensitivity or hyperinsulinemia are thought to lower HDL-cholesterol concentrations and increase plasma triacylglycerols (Chen & Reaven, 1997) , and have been associated with atherosclerosis (Howard et al, 1996) and risk for coronary heart disease (Ruige et al, 1998) . Current evidence indicates that the dietary glycemic index might affect risk for coronary heart disease through an effect on insulin sensitivity and lipid metabolism. The elderly might be especially sensitive to a high glycemic index diet as glucose tolerance decreases with advancing age (Ahre Ân & Pacini, 1998) . We therefore examined whether a high dietary glycemic index is associated with hyperinsulinemia, hyperglycemia, dyslipidemia and risk for coronary heart disease in a population-based study of elderly men.
Subjects and methods

Study population
The Zutphen Elderly Study is a longitudinal study of chronic disease risk factors in elderly male inhabitants of Zutphen, a town in the Eastern part of the Netherlands (Hertog et al, 1993) . It represents a continuation of the Zutphen Study, the Dutch contribution to the Seven Countries Study (Keys et al, 1966) . In 1985, 555 members of the original cohort (n 1088) were still alive and were invited for new examinations. In addition, a random sample (two out of three) of all other men of the same age, living in Zutphen, was selected (n 711). This resulted in a total population of 1266 men born between 1900 and 1920 of which 939 (74%) ®nally took part in the survey and formed the cohort of the Zutphen Elderly Study. As diagnosis of disease may affect diet or reporting of diet, men with a history of diabetes or myocardial infarction were excluded. For the prospective (1985 ± 1995) analysis, after exclusion of men with a history of myocardial infarction (n 126) or diabetes (n 61) or with missing information (n 116), 646 men remained. In 1990, 718 cohort members were still alive, and 560 men (78%) participated in a new survey. After exclusion of men with a history of myocardial infarction (n 85) or diabetes (n 46), or with missing information (n 43), 394 men remained for the crosssectional analysis of the data obtained in 1990. This study was approved by the Medical Ethical Committee of the Leiden Academic Hospital.
Examinations
Dietary and medical examinations were conducted in 1985 and 1990, between March and June. Data on food and beverage intake were collected by the cross-check dietary history method adapted to the Dutch situation (Bloemberg et al, 1989) . The participants were interviewed by trained dietitians together with the person who prepared the food (usually the wife), about their usual food consumption pattern. The results were checked by estimating the average consumption of foods during a day or a week and the quantities of food purchased for the family during a week. From this information, the usual daily food consumption during the past 2 ± 4 weeks preceding the interview was estimated, uniformly coded, and converted into energy and nutrient values using the Dutch food table (Kommissie UCV, 1985) . The reproducibility of data on major contributors to carbohydrate intake was examined in a repeated dietary survey after 12 months in a subgroup of 145 men (Bloemberg et al, 1989) . The Spearman correlation between the ®rst and the second measurement was 0.73 for bread, 0.61 for potatoes, 0.63 for fruit, 0.77 for milk products, 0.76 for sugar products and 0.64 for pastry.
To calculate the dietary glycemic index, we multiplied the percentage contribution of each individual food to carbohydrate intake by its glycemic index and summed these values. We used the average of published glycemic index values of individual foods for this calculation (Foster-Powell and Brand Miller, 1995) . The glycemic index was expressed against white bread as reference food (values with glucose as reference food can be calculated by multiplying the presented glycemic index values by 1.4). To calculate a glycemic load score (Salmeron et al, 1997a) for each participant we multiplied the glycemic index of the diet by the total daily carbohydrate intake (divided by 100).
Physical examinations were carried out by trained physicians according to a standardized protocol (Keys et al, 1966) . In 1990, an oral glucose tolerance test was conducted according to the 1985 World Health Organization (1985 guidelines. Fasting blood samples were obtained in the morning after an overnight fast. For glucose determination, samples were collected in tubes with sodium¯uoride. Plasma glucose was determined using the hexokinase method; within-and between-run coef®cients of variation were lower than 2%. Serum insulin was measured with a radioimmunoassay from Pharmacia Diagnostics, Uppsala, Sweden; within-and between-run coef®cients of variation ranged from 6 to 7%. Non-fasting serum total and HDLcholesterol, and fasting triacylglycerols were determined enzymatically at the standardized Lipid Laboratory at Wageningen University (Siedel et al, 1981; Warnick et al 1982; Sullivan et al, 1985) . Information on cigarette smoking, use of prescribed diets and family history of diabetes was collected using a standardized questionnaire. Physical activity (minaweek) was assessed with a validated questionnaire designed for retired men (Caspersen et al, 1991) .
Disease ascertainment
Information on nonfatal myocardial infarction was obtained by a physician-administered (in 1985 and 1990) or selfadministered (in 1993 and 1995) standardized medical questionnaire. For non-responders, information on myocardial infarction was obtained from a short non-response questionnaire ®lled out by the subject themselves or their closest relative or caregiver. Self-reported myocardial infarction was veri®ed with hospital discharge data. Also, in men who died, information on disease history was obtained from the participant's general practitioner. Diagnosis of myocardial infarction required two or three of the following criteria: a speci®c medical history; characteristic electrocardiogram changes; and speci®c enzyme elevations.
Information on the vital status of all participants up to January 1995 was obtained from the municipality registries. Information on the cause of death was obtained from the Dutch Central Bureau of Statistics between baseline assessment and June 1990 and from the participant's general practitioner for deaths occurring thereafter. Coding the causes of death followed the International Classi®cation of Diseases, Ninth Revision (World Health Organization, 1977) . Coronary heart disease mortality was de®ned as ICD-9 codes 410 ± 414. Because the underlying cause of death in the elderly is often dif®cult to determine, both the primary and the secondary causes of death were considered. One of the 646 eligible men was lost to follow-up.
Statistical analyses
Statistical analyses were carried out using SAS software (release 6.12). First, in cross-sectional analyses, we examined metabolic risk factors by quintile groups of the dietary glycemic index. Data collected in 1990 were used, because insulin and glucose concentrations were only determined in this year. Means were adjusted for potential confounders using analysis of covariance. Triacylglycerol, HDL-cholesterol, glucose and insulin concentrations were modeled after logarithmic transformation to improve normality of the distribution; therefore, the presented multivariately adjusted means of these variables are geometric means.
Second, we prospectively examined the association between the dietary glycemic index in 1985 and incidence of coronary heart disease between 1985 and 1995. Cox's proportional hazards (survival) analysis was used to calculate crude and adjusted risk ratios for men in the highest and intermediate tertile as compared with men in the lowest tertile of glycemic index. Men contributed to the follow-up time until they had a myocardial infarction, died from any cause, were lost to follow up (n 1), or reached the end of the study.
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Dietary variables (except alcohol intake) were adjusted for total energy intake using regression analysis (Willett & Stampfer, 1986) . Multivariate models included age (y), total physical activity (minaweek), cigarette smoking (current, past, never), body mass index (BMI; kgam 2 ), total energy intake (kJaday), and intake (gaday) of alcohol, saturated fat, polyunsaturated fat and carbohydrate. We tested for monotonic trends with increasing levels of dietary factors by assigning each participant the median value for the category and modeling this value as a continuous variable. In additional prospective analyses, we updated exposure variables for the follow-up period after 1990; for the updated dietary variables the average of the 1985 and 1990 assessment was used to reduce measurement error (Hu et al, 1999) . All P values are two-sided.
Results
At baseline in 1985, the median dietary glycemic index ranged from 77 in the lowest to 85 in the highest tertile of glycemic index. Men with a higher dietary glycemic index had a lower BMI and were more likely to smoke cigarettes (Table 1 ). In addition, men with a high glycemic index consumed more polysaccharides, wheat bread and sugar products, and less protein, fruit and milk. The energyadjusted dietary glycemic index was positively correlated with intake of carhydrates as wheat bread (Spearman r 0.47) and sugar products (r 0.41) and inversely correlated with fruit (r À0.37) and milk (r À0.40) intake.
Cross-sectional association with metabolic risk factors
Mean values of metabolic risk factors according to quintiles of glycemic index are presented in Table 2 . The median glycemic index of the diet in 1990 ranged from 74 in the lowest to 85 in the highest quintile of glycemic index. Analyses with crude means suggested an inverse association between glycemic index and serum fasting insulin. However, this association disappeared after multivariate adjustment, mainly due to correction for BMI. For fasting plasma glucose, serum HDL-cholesterol, serum total cholesterol and fasting serum triacylglycerols no appreciable difference between glycemic index quintiles was observed (Table 2) . Furthermore, the dietary glycemic index was not appreciably associated with 2 h glucose (multivariate adjusted P-trend 0.99) or 2 h insulin concentrations (Ptrend 0.97) during the oral glucose tolerance test. The results did not appreciably change after additional adjustment for cereal or total ®ber and were essentially the same for overweight and non-overweight men.
In this study population, among the important sources of carbohydrate, wheat bread and sugar products were the foods with the highest glycemic index. None of the metabolic factors was substantially associated with wheat bread intake ( Table 3) . For sugar products, only the fasting plasma glucose concentration was appreciably different between quintiles of intake ( Table 3) . Fasting glucose was lower in higher quintiles of sugar product intake (multivariate adjusted: 0.29 mmolal lower in the highest as compared with the lowest quintile of intake; P-trend 0.03). A prescribed diet or a family history of diabetes may have affected both plasma glucose and intake of sugar products or reporting thereof. However, after exclusion of men with a prescribed diet or a family history of diabetes we observed similar results (n 281; test for trend: t À3.03, P 0.003).
Coronary heart disease follow-up During 4527 person-years of follow-up, we documented 94 incident cases of major coronary heart disease. The multivariate adjusted risk ratio (RR) was 1.11 (95% CI, 0.66 ± 1.87; P-trend 0.70) for the highest compared with the lowest tertile of glycemic index (Table 4 ). The variation in glycemic index within the lowest and highest tertile was still large (interquartile range: 75 ± 79 for the lowest and 84 ± 87 for the highest quintile). Therefore, we also analyzed glycemic index as a continuous variable. The , physical activity (minaweek), smoking (current, past, never), prescriped diet (yes or no), energy intake (kJaday), and intake (gaday) of saturated fat, polyunsaturated fat, carbohydrates and alcohol. Insulin, glucose, HDL-cholesterol, and triacylglycerol concentrations were modeled after log transformation; geometric multivariate means are presented for these variables. b Median values are presented for the glycemic index. a Major coronary heart disease includes non-fatal myocardial infarction and death due to coronary heart disease. b Reference tertile. c Multivariate adjusted as described in the notes to Table 2 .
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Glycemic index and coronary heart disease RM van Dam et al multivariate adjusted risk ratio was 1.02 (0.98 ± 1.07) for each one-point increment in glycemic index. Furthermore, neither consumption of wheat bread (RR 1.31; 95% CI 0.77 ± 2.22; P-trend 0.33) nor sugar products (RR 1.14; 95% CI, 0.62 ± 2.09; P-trend 0.63) was associated with a substantial increase in coronary heart disease risk. We also examined the association between the glycemic load score (an indicator of the blood-glucose raising potential taking into account both the amount and the type of carbohydrate) and coronary heart disease risk. The mean glycemic load score was 194 (s.d. 38). The multivariate adjusted risk ratio was 1.06 (95% CI, 0.52 ± 2.14) for the highest vs the lowest tertile (P-trend 0.88; not adjusted for carbohydrate intake). Modeled as a continuous variable, the multivariate risk ratio was 1.00 (95% CI, 0.99 ± 1.01) for each one-point increase. The analyses using updated data (updated exposure variables for the follow-up period after 1990) on glycemic index (or glycemic load) and covariates yielded similar results.
Discussion
In this population of elderly men, a high dietary glycemic index was not associated with an increased incidence of coronary heart disease during 10 y of follow-up. Furthermore, men with a high glycemic index diet did not have less favorable total cholesterol, HDL-cholesterol, triacylglycerol, or (fasting or postload) insulin or glucose concentrations. Possible limitations in the assessment of the dietary glycemic index have to be considered. First, data on the glycemic index of food products was not available for all the foods consumed in the present study, and some glycemic index values had to be estimated using available data from similar foods. However, the glycemic index data were reasonably complete for foods that were substantial contributors to the total carbohydrate intake in this population. Second, for some foods the reported glycemic index differed substantially between studies (Foster-Powell & Brand Miller, 1995) . This may be due to subtle differences in the methods of processing and preparing the food, for example. Still, even with some misclassi®cation the contrast between the extreme categories of glycemic index would probably remain substantial. Moreover, we con®rmed our analyses not using information from food tables, but directly relating relatively high glycemic index foods (wheat bread, sugar products) with metabolic factors and risk for coronary heart disease. Based on the 95% con®dence intervals we cannot exclude a small increase in coronary heart disease risk in men with a high glycemic index. However, the lack of association with risk for coronary heart disease is congruent with the ®ndings for metabolic risk factors. In earlier analyses of the Zutphen Elderly Study data, dietary factors were clearly associated with hyperinsulinemia (Feskens et al, 1994) , diabetes mellitus (Feskens et al, 1995) , and coronary heart disease (Hertog et al, 1993) , indicating that diet was still an important determinant of health in this elderly population.
Some authors suggested that the glycemic index cannot be used for mixed meals because differences among individual foods are obscured in mixed meals by the effects of protein and fat on insulin secretion and gastric emptying (Wolever, 1997) . However, in a study of ®ve meals (protein 12 ± 25 g, fat 8 ± 24 g), variation in protein and fat intake appeared to have a negligible effect on postprandial glucose and insulin responses (Wolever & Bolognesi, 1996) . Other studies also suggested that the glycemic index is a valid predictor of the glycemic response to mixed meals (Wolever, 1997) .
The glycemic index of foods does not necessarily relate to food factors that are popularly exprected to make a difference, such as dietary ®ber content, amount of sugar, or the degree of re®ning (Wolever, 1997) . Other factors such as type of sugar (glucose, fructose, galactose), type of starch (amylose or amylopectin), and the particle size of starch granules can be more important (Foster-Powell & Brand Miller, 1995) . In our study population, a high glycemic index diet was strongly associated with high intake of wheat bread and sugar products and a low intake of milk and fruit. These results are as expected based on the foods that were regularly consumed in our population and the glycemic index values of these food. As compared with the median dietary glycemic index (82 in 1985) , the glycemic index is high for wheat bread (white bread 101, wholemeal bread 99) and sugar products (sucrose 92), and low for milk (full fat 39, skim 46) and fruit (eg apples 52, oranges 62; Foster-Powell & Brand Miller, 1995) .
The association between the dietary glycemic index and risk for myocardial infarction has only been studied before in middle-aged women of the Nurses Health Study, using the glycemic load score (Liu et al, 2000) . In contrast to our study, a positive association between glycemic load and risk for myocardial infarction was reported. Furthermore, our results for plasma fasting and postload glucose concentrations did not con®rm the association between glycemic index and incidence of type 2 diabetes reported in two cohorts (Salmeron et al, 1997a, b) , but agree with the lack of association with risk of type 2 diabetes in the Iowa Women's Health Study (Meyer et al, 2000) . Also, we did not observe the inverse association between glycemic index and HDL-cholesterol that was reported in a cross-sectional study of middle-aged British adults (Frost et al, 1999) . A partial explanation for these contrasts in ®ndings could be differences in age and sex between the study populations; glycemic index was a stronger predictor of serum HDL cholesterol concentrations in women as compared with men (Frost et al, 1999) . Furthermore, the food pattern determining the dietary glycemic index may have differed substantially with the study populations from other countries. Even more so, in controlled trials the dietary glycemic index was primarily reduced by using starchy foods with a low glycemic index, not by changing the type of simple sugars. These differences with our study seem important as low glycemic index foods may not be uniform in their effects: deleterious effects of fructose on blood lipids have been shown (Wolever et al, 1994) ; also, for starchy breakfasts similar in glycemic index, a difference in their capacity to modify second meal glucose tolerance has been found (Liljeberg et al, 1999) . Furthermore, in dietary intervention studies, substantial effects of low glycemic index foods on total and LDL-cholesterol concentrations, but not on HDLcholesterol concentrations, were observed (Brand Miller et al, 1994; Ja Èrvi et al, 1999 ). An effect of diet through postprandial blood glucose and insulin responses would be expected to affect HDL-cholesterol rather than LDL-cholesterol concentrations as low HDL-cholesterol concentrations are part of the insulin resistance syndrome (Chen & Reaven, 1997) . Thus, the glycemic index might not be the best parameter to classify carbohydrates according to their effect on metabolic risk factors. As the variation in dietary glycemic index in the present study was similar to that in the Glycemic index and coronary heart disease RM van Dam et al
American (Salmeron et al, 1997a, b) and British studies (Frost et al, 1999) , lack of variation is an unlikely explanation for the differences in results. Intervention studies suggested bene®cial effects of a low glycemic index diet on glycemic control and serum triacylglycerols and cholesterol (Brand Miller et al, 1994; Ja Èrvi et al, 1999; Frost et al, 1996 Frost et al, , 1998 . However, these studies were mostly limited to patients with hypertriglyceridemia, coronary heart disease and (predominantly) diabetes. Two studies included healthy persons: a cross-over intervention in 6 men showed improved serum total cholesterol, serum fructosamine and 12 h blood glucose pro®le after 2 weeks on a low glycemic index diet (Jenkins et al, 1987) ; and an intervention in 28 women showed increased insulin sensitivity in the women on a low-glycemic-index diet (Frost et al, 1998) . Data derived from larger studies and longer interventions are needed to verify these results in healthy people.
We did not observe a deleterious effect of sugar product consumption on metabolic risk factors. In contrast, men with a high intake of sugar products had lower plasma fasting glucose concentrations; an association independent of the use of prescribed diets, BMI, family history of diabetes, and other possible confounders. This agrees with the inverse association between consumption of sugar products and the incremental area under the glucose curve observed in the Zutphen Study in 1970 (Feskens & Kromhout, 1990) , and the inverse association between sucrose intake and risk of type 2 diabetes in the Iowa Women's Health Study (Meyer et al, 2000) . These studies indicate that consumption of sugar products does not predispose to hyperglycemia.
In conclusion, this study was the second prospective study that related the dietary glycemic index to coronary heart disease incidence. Our results do not support the hypothesis that the dietary glycemic index is associated with metabolic risk factors or incidence of coronary heart disease in elderly men without a history of diabetes or coronary heart disease. Current scienti®c evidence does not justify advice to lower the dietary glycemic index in an effort to reduce risk of coronary heart disease in persons without diabetes mellitus.
